Fourteen cDNA clones of pathogenesis-related (PR) proteins, PRla and PRlb of tobacco were obtained and classified into six groups based on restriction enzyme maps. To assign the groups to different classes of PR1 proteins, all the clones were partially sequenced and compared with amino acid sequences of PRla and PRlb. Two groups of these coffesponded to PRla and four to PRlb. The results indicate that there are at least two kinds of PRla mRNAs and four kinds of PRlb mRNAs. In fact, one cDNA insert hybridized to at least six to seven DNA fragments in restriction enzyme fragments of Samsun NN genomic DNA, indicating that the PRI protein genes exist as a multigene family in the tobacco genome. Two sequences of essentially full-length cDNAs for PRla and PRlb were determined and compared. The coding sequences of two cDNAs share 93% homology and the deduced amino acid sequences of PRla and PRlb precursors, which are synthesized as larger precursors containing signal peptides, are 91% homologous. The homology of mature PRla and PRlb regions is higher than that of larger precursors, 94% in the nucleotide sequence and 93% in the amino acid sequence, whereas that of the signal peptide regions is 80 and 90%, respectively. The hydropathy patterns and the secondary structures predicted by ChouFasman rules are similar to tomato PR protein in the half-side of the C terminus, which suggests that the half-C terminus side is important for the function of PRI proteins. Preparation of anti-PRla serum was described previously (12) .
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Tobacco leaves carrying the N gene produce novel soluble proteins following infection with tobacco mosaic virus (18) . The proteins, called PR proteins,2 are host coded proteins induced by viruses, bacteria, and fungi (1) . The proteins are also induced by some chemicals, such as polyacrylic acid (4) and salicylic acid (19) , and plant hormones (2) . In tobacco cultivar Samsun NN, there are three major PR proteins designated as PR la, PRlb, and PRlc in the order of decreasing mobility in nondenaturing gels. The three proteins (PRl proteins) have similar mol wt, amino acid compositions (1) , and antigenicities (8) . Furthermore, the PRl proteins have unique properties such as high solubility at low pH (16) , resistance to many kinds of proteases (14) , and extracellular location (13) . These to be related to the anti-virus function of the PRI proteins.
We have cloned 14 PRI protein cDNAs and classified the clones into six groups based on their restriction enzyme maps in order to study the heterogeneity in PRI proteins. We also determined the sequences oftwo full-length cDNA clones corresponding to PRla and PRlb. We discuss the homology between the two sequences and the protein structures of PRla Preparation of anti-PRla serum was described previously (12) .
Construction of cDNA Library. Poly(A+) RNA was prepared from TMV-infected or salicylic acid-treated tobacco leaves as previously described (9) . The poly(A+) RNA was fractionated by 5 to 20% sucrose density gradient centrifugation. Fractions containing PRl protein mRNAs, as revealed by in vitro translation, were used for the construction of a cDNA library. Double-strand cDNAs were synthesized by the method of Gubler and Hoffman (5) and cloned into Pst I site of pUC 8 by the [dG:dCJ homopolymer tailing method and transformed into competent Escherichia coli cells with the method of Hanahan (6) .
Sequencing. The cDNA inserts were sequenced by the dideoxynucleotide chain termination method (10) . Restriction fragments of cDNA inserts were cloned into the appropriate sites of M13 mpl8 or mpl9 and purified single-stranded DNAs were sequenced using both the universal primer (Takara Shuzo, Co., Kyoto) and synthetic oligonucleotides complementary to specific regions of the cDNA inserts. Sequence data were analyzed using the computer programs of Software Development Co., Japan. The purification of PRla and PRlb was described previously (12) . The amino acid sequences of purified PRla and PRlb were determined with an automated gas phase chromatograph. Fourteen clones contained almost full sized cDNA inserts coding for PRl proteins (>600 bp).
The 14 clones were classified into six groups according to restriction enzyme maps (Fig. 1) . The maps ofgroups 1 to 4 were similar to one another, but different from groups 5 and 6, which were similar to each other. These results indicate that PRl protein cDNAs can be classified into two major classes according to their structures. One of the class is represented by cDNAs in groups 1, 2, 3, and 4, and group 1 is the most abundant in the class. Another class is represented by cDNAs in groups 5 and 6, and group 5 is more abundant than group 6.
In order to estimate the number of genes encoding PR1 proteins in the Samsun NN tobacco genome, we hybridized the 32P-labeled pPRl 183 cDNA insert (group 5) to tobacco genomic DNA digested with EcoRI, BglII, and HindIII under conditions where the 32P-probe should cross-hybridize to all other cDNA groups. The cDNA insert hybridized to six fragments in BglII and HindIll digests and seven fragments in EcoRI digests (Fig.  2) . Some cDNA inserts (groups 1 and 2) are separated into two fragments by EcoRI digestion, but the fragment of 3' side is too short to be detected in the Southern blot under these conditions. The results suggest that there are several genes encoding PR1 proteins in Samsun NN tobacco. This estimation may correspond with the presence of 6 cDNA groups, and each cDNA group may be encoded by single gene.
Structure of PR1 protein cDNAs. We determined the entire nucleotide sequence of the cDNA inserts of pPR1 183 and pPR2095 which belonged to the second and first classes, respectively (Fig. 3) . Both The sequence of the pPR1 183 cDNA also contained a 5 bp 5'-noncoding region and a 240 bp 3'-noncoding region, and that of pPR2095 contained a 17 bp 5'-noncoding region and a 222 bp 3'-noncoding region. The two sequences were very similar to each other; the coding regions of two cDNAs shared 93% sequence homology and the amino acid sequences of two PR1 protein precursors were 91 % homologous (Fig. 3) .
We compared the deduced amino acid sequences with PRl protein amino acid sequence data to assign the two clones to the respective PR1 proteins. We determined partial internal amino acid sequences of PRla and PRlb with the automated gas phase chromatograph (decided amino acid sequences shown as shadow in Fig. 3 ). These partial sequences of PRIa and PRlb matched completely with the amino acid sequences deduced from cDNAs of pPR1 183 and pPR2095, respectively. The data strongly suggest that pPR1183 (group 5) is a cDNA for PRla and pPR2095 (group 2) is for PR lb. We determined partial nucleotide sequences of all 12 cDNA clones by the dideoxynucleotide chain termination method using the synthetic oligonucleotide primer (5' CAACAAGACTATTTGGAT 3', 100-117 base residues in Fig. 3 ). All the clones in the first class (groups 1-4) had identical sequences between 125 and 219 base residues as that ofpPR2095, and all the clones in the second class (groups 5 and 6) had identical sequences between 123 and 210 base residues as pPR1 183. In these regions, several bases and a few amino acids changed between PRla and PR lb. The results confirm that the first class (groups 1-4) correspond to cDNAs for PR la and the second one correspond to PR lb.
Recently, Cornelissen et al. (3) reported the nucleotide sequence of PRlb and the partial amino acid sequence of PRIa and Ic. Their sequence of PRlb cDNA was almost identical to the sequence of pPR2095 described above including the 5'-and 3'-noncoding regions, and the PRla partial sequence in the Cterminal side was also identical with pPR1 183, including the 3'-noncoding region. However, the partial amino acid sequence of PRIa in N terminal side, reported by Lucas et al. (7) , was different from our sequence. They reported the unique amino acid sequence of PRia, SQVAAYAQNYAPS (amino acid residues 27-37), but we did not find their sequence in all five clones corresponding to PR I a groups (the second class). We determined directly the partial amino acid sequence of purified PRla (12) (8) .
Comparison of the 3'-Noncoding Regions of PRI Protein cDNAs. In contrast to the coding region, the sequences in the 3'-noncoding region of cDNAs for PRIa and PRlb were more diverse. By allowing base-insertions or -deletions, the 3'-noncoding regions of the two cDNAs can be aligned to show maximum base matching (Fig. 3) . In all deletions longer than 3 bp, except for one case, there are short direct repeats or inverted repeats at the deletion points in the other sequence. The deletion pattern at the direct repeat elements in the other sequence is similar to those observed between sporamin genes in sweet potato, and may be generated by the slipped mispairing of tandem repeats during DNA replication (1 1 (17) . Therefore, we examined the hydropathy profiles and predicted the secondary structures of PRla and PRlb (Fig. 4) 
